Background: Implementation of the first Danish helicopter emergency medical service (HEMS) was associated with reduced time from first medical contact to treatment at a specialized centre for patients with suspected ST elevation myocardial infarction (STEMI). We aimed to investigate effects of HEMS on mortality and labour market affiliation in patients admitted for primary percutaneous coronary intervention (PCI). Methods: In this prospective observational study, we included patients with suspected STEMI within the region covered by the HEMS from January 1, 2010, to April 30, 2013, transported by either HEMS or ground emergency medical services (GEMS) to the regional PCI centre. The primary outcome was 30-day mortality. Results: Among the 384 HEMS and 1220 GEMS patients, time from diagnostic ECG to PCI centre arrival was lower with HEMS (median 71 min vs. 78 min with GEMS; P = 0.004). Thirty-day mortality was 5.0% and 6.2%, respectively (adjusted OR = 0.82, 95% CI 0.44-1.51, P = 0.52. Involuntary early retirement rates were 0.62 (HEMS) and 0.94 (GEMS) per 100 PYR (adjusted IRR = 0.68, 0.15-3.23, P = 0.63). The proportion of patients on social transfer payments longer than half of the follow-up time was 22.1% (HEMS) vs. 21.2% (adjusted OR = 1.10, 0.64-1.90, P = 0.73). Conclusion: In an observational study of patients with suspected STEMI in eastern Denmark, no significant beneficial effect of helicopter transport could be detected on mortality, premature labour market exit or work ability. Only a study with random allocation to one system vs. another, along with a large sample size, will allow determination of superiority of helicopter transport.
Editorial comment
In this observational assessment of long-term outcomes for acute myocardial patients, based on the type of ambulance system which transported them to the tertiary care centre for their acute revascularization procedure, no differences could be identified in associations of outcome with helicopter or ground-based ambulance system. Still, to understand if the prehospital system type can cause a better outcome, a randomized clinical trial would be needed.
Coronary heart disease is a leading cause of death and morbidity in Western countries, but a great reduction in mortality has been achieved throughout the last couple of decades 1 . New invasive techniques and medical treatments have improved the chance of surviving the acute phase of a myocardial infarction; consequently, awareness has increased regarding the importance of improving the long-term outcome as well. Return to work can be a desirable goal of cardiac rehabilitation [2] [3] [4] [5] . Since 2003, primary percutaneous coronary intervention (pPCI) for ST-segment elevation myocardial infarction (STEMI) has been the preferred therapy in Denmark if performed within 120 min of symptom onset. Centralization of PCI at designated centres increases the volume and experience at each centre but may lead to increased average transport distance and time, which is associated with increased mortality after pPCI 6 . Transportation by helicopter is often quicker than ground transport 7, 8 and thus may improve overall prognosis 9 through reduced ischaemic injury and infarction size.
The first Danish helicopter emergency medical service (HEMS), implemented in eastern Denmark on May 1, 2010 10 , significantly reduced the time from the electrocardiogram (ECG) diagnosis on-scene to arrival at the cardiac catheterization laboratory, despite longer transport distances. In addition, 30-day mortality in HEMS patients tended to be lower 10 . The aim of the present study was to investigate the effect of HEMS on mortality and labour market affiliation for patients admitted for pPCI during the first 3 years after HEMS implementation. We hypothesized that HEMS-transported patients admitted for pPCI would have lower 30-day mortality compared to patients transported by ground emergency medical services (GEMS).
Methods

Study design and setting
This single-centre, prospective, observational study had up to 5.5 years of follow-up. The HEMS covered a catchment area of 8400 km 2 in the eastern part of Denmark with a population of approximately 1.1 million. It operated during daylight only and was staffed with a consultant in anaesthesiology, a HEMS crew member (paramedic), and a pilot. Dispatches were for both pre-hospital and in-hospital (referral) patients with suspected STEMI if driving duration to the PCI centre at Rigshospitalet was expected to exceed 30 min, which was changed to 25 min shortly after the implementation of HEMS. Two designated maps (rush hour/nonrush hour) with estimated time interval markings were available for the dispatchers with the purpose of correct dispatch of the HEMS. Furthermore, the dispatch centre had Geographical Information Systems to aid this process.
GEMS in eastern Denmark is organized as a partially 1-tier or 2-tier ground unit system. In case of critical illness, a primary unit (ground ambulance) staffed with two emergency medical services (EMS) personnel, either trained as basic life support providers or paramedics, is dispatched. All units are allowed to administer heparin and other anticoagulant medication after telephone contact with a cardiologist at the PCI centre. Depending on availability and determined by either the dispatch centre or assessed by the primary unit, a physician-staffed mobile emergency care unit (MECU) can, on rare occasions, attend the scene. Both units operate 24 h a day 7 days a week. The MECU was discontinued in most of the Region Zealand in March 2011.
Ground ambulances are equipped for acquisition and transmission of ECG data for rapid interpretation by a triaging cardiologist. Patients can be transported directly to the designated PCI centre in Copenhagen for immediate coronary angiography, and pPCI can be performed if indicated. The PCI centre is situated at Rigshospitalet, an urban, highly specialized hospital in the Capital Region of Denmark. This centre was merged on June 1, 2011, with another PCI centre in the region, creating a "mega-centre" serving about 2.5 million people and 10,000 km 2 , performing around 1000 pPCIs annually 11 .
Participant selection
We included all patients suspected of having STEMI in the geographical area covered by both the HEMS and GEMS and who were admitted to the PCI centre at Rigshospitalet. The geographical catchment area was defined as the area from where the HEMS transported patients in the first year of implementation. We included patients with first-time admission to the PCI centre during the inclusion period from January 1, 2010, until April 30, 2013. This 40-month period consisted of the initial 16-month period from the first HEMS study 10 plus an additional 24-month data collection period. Patients were followed until May 1, 2015, or death, whichever came first. Patients without EMS data were excluded. 
Exposure
Data sources
PCI data
Data from existing databases at the PCI centre (Rigshospitalet) were analysed. These databases contain information on demographics, comorbidity, Killip class, time of symptom onset, diagnostic ECG, the pre-hospital, in-hospital, and procedure-specific time intervals, and preprocedural clinical status. The Killip class (I-IV) stratifies patients with acute myocardial infarction according to severity of heart failure and is related to risk of death within 30 days 12 . Hospital records were used in case of missing data in the databases.
EMS data
Data on geographic location, demographics, transport mode, and specific transport time interval were extracted from either EMS databases at the pre-hospital centres in Region Zealand (GEMS data) and the Capital Region of Denmark (HEMS data) or from hospital records.
Vital status
Information about death or migration was extracted via the Danish Civil Registration System (DCRS). DCRS uses the unique Civil Personal Registration number assigned to all citizens at birth or immigration.
Labour market data (the DREAM database) Data on employment status in Denmark were obtained from the Danish Agency of Labour market and Recruitment's DREAM (Danish Register for Evaluation of Marginalization) database, which holds information on all social transfer payments such as sickness benefits, unemployment benefits, social assistance, and pensions (disability and old-age pension). The DREAM database is updated weekly with a latency period of 3 months. Citizens who receive social transfer payments are registered on a weekly basis with a code corresponding to the person's current employment status.
Outcome measures
The primary outcome was 30-day mortality after admission to the PCI unit. Secondary outcomes were 1-year mortality, mortality rates over the follow-up period, involuntary early retirement rates, the prevalence of reduced work ability, and the percentage of time on social transfer payments during the first 2 years after admission to the PCI unit.
Statistical analyses
Continuous variables are reported as medians and interquartile range (IQR) and were compared using the Mann-Whitney U test. Categorical data are reported as numbers (%). Group characteristics were compared by the Chi-square or Fisher's exact test where appropriate. We considered P values < 0.05 as statistically significant. SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses.
The 30-day and 1-year mortality values were compared between HEMS and GEMS patients by logistic regression, adjusting for gender, age, resuscitated cardiac arrest before hospital admission, inter-hospital transfer, and acute cardiac failure defined as Killip class I/II or III/IV as dichotomous variable, assessed at hospital admission. Some analyses also included transport time (i.e. diagnostic ECG to arrival at the hospital), daytime vs. nighttime and use of vasopressors. Time to death was visualized by Kaplan-Meier curves. Event rates were compared using multivariable Cox proportional hazard regression models adjusted for gender, age, resuscitated cardiac arrest, inter-hospital transfer, and Killip class III or IV prior to admission.
Reduced work ability 2 years after admission (yes/no) and time on social transfer payments (less than/equal vs. more than 50% of the time) during the first 2 years after admission were assessed by logistic regression models adjusted for the same explanatory variables as in the primary outcome analysis. Work ability 2 years after admission was divided into either full work ability or reduced work ability. In these analyses, we excluded patients not working full time 3 weeks prior to admission as well as patients with resuscitated cardiac arrest before hospital admission.
Each of these statistical analyses was performed on the following groups: (1) those aged 18-60 years, to ensure a sample at risk of only involuntary early retirement during the full follow-up period (i.e., not eligible for voluntary early retirement); (2) those aged 18-67 years, because the public retirement scheme (old-age pension plan) in Denmark is available for those aged 65 years (statutory retirement age at the time of the study) or older, but some patients may choose to postpone their retirement until age 67; thus, we include all patients still at risk of premature exit from the labour market; and (3) all ages, included to describe the total population.
Additional analyses
For sensitivity analyses, the 30-day mortality analysis was performed only on directly referred ("field triaged") patients who underwent acute PCI. Not all patients who undergo acute coronary angiography receive coronary intervention (balloon/stenting) because a coronary stenosis is not always detected. Furthermore, we performed an analysis of patients with the longest transport distances to see if a higher proportion of patients in the HEMS group had PCI done within a specific time limit. For the time interval between first medical contact and "balloon", a 120 min limit has been used but in our analysis, we used the time interval between symptom onset to "balloon". Based on a study of similar patients from Denmark, we added 30 min (estimated time from symptom onset to first medical contact) to the 120 min and used 150 min as the cut-off in the analysis 13 . Finally, we repeated the analyses of all outcomes with adjustment also for transport distance.
Sample size determination
In the previous study in patients bound for pPCI 10 , the investigators included 450 patients, of whom 114 were transported by HEMS and 336 by GEMS, for a ratio of 1 : 3. The 30-day mortality was 2.6% in the HEMS group and 6.3% in the GEMS group. In the present study, we extended the inclusion period by 2 years and thus expected approximately 1350 patients. This number of patients would be adequate to detect a similar difference in 30-day mortality with a power of 80% at the 5% significance level. 
Ethics
Clinical Trial registration
The study was registered at ClinicalTrials.gov (NCT02512991) before data analysis.
Results
A total of 4165 patients were admitted to the PCI centre for acute angiography during the 40-month inclusion period, and 1604 of them were eligible for inclusion in the study (Fig. 1) . The 2547 patients who did not meet the inclusion criteria were patients outside the catchment area (n = 1416), and patients who had acute coronary angiography on other indications than primary PCI or acute PCI > 12 h (n = 1131). Median follow-up time was 38 (IQR 29-47) months.
GEMS and HEMS patients were comparable in relation to gender, age, co-morbidity, resuscitated cardiac arrest, acute cardiac failure, labour market affiliation, door-to-balloon time, and the proportion of patients who received acute PCI. A greater proportion of GEMS patients were referred from other hospitals; 35.4% vs.18.4% (P < 0.0001), and at full work ability at baseline (46.2% vs. 39.1%, P = 0.043) compared to HEMS patients. However, time (median) from diagnostic ECG to arrival at the PCI centre was significantly lower in the HEMS group; 71 min vs. 78 min in the GEMS group (P = 0.004), despite significantly longer transport distances (median); 110 km in the HEMS group vs. 77 km in the GEMS group (P < 0.0001; Table 1 ). The percentage of patients with time from diagnostic ECG to PCI < 90 min was 716/ 1114 (64.3%) (490 missing).
The result of the primary analysis of 30-day mortality showed no significant difference between groups; 6.2% (GEMS) vs. 5.0% (HEMS), adjusted OR = 0.82 (CI 0.44-1.51, P = 0.52). Neither 1 year mortality nor mortality rates were significantly different either (Table 2 and Fig. 2 ). Our labour market analyses were limited to the 32% of patients aged 18-67 years who were working full time before the cardiac event and who did not suffer cardiac arrest before admission.
Reduced work ability 2 years after admission was 25.9% (GEMS) vs. 23.0% (HEMS), adjusted OR = 0.91 (CI 0.52-1.60, P = 0.75), and the percentage of time on social transfer payments during the first 2 years after event was 21.2% (GEMS) vs. 22.1% (HEMS), adjusted OR = 1.10 (CI 0.64-1.90, P = 0.73; Table 2 ).
The IR of involuntary early retirement was 0.94 per 100 PYR vs. 0.62 per 100 PYR in GEMS and HEMS patients, respectively, adjusted IRR= 0.68 (CI 0.15-3.23, P = 0.63; Table 2 ).
We found no significant difference between groups in any analyses adjusted for transport distance, transport time, use of vasopressors, or time of day. However, we did find that significantly more HEMS-patients had PCI within 150 min from estimated symptom onset in the group of patients with the longest transport distances; 37.2% vs. 24.1%, P = 0.03 (94-123 km) and 21.2% vs. 7.9%, P = 0.03 (> 123 km) (Fig. 3) . For results adjusted for transport distance and results stratified by age, please refer to Tables S1 and S2. GEMS, ground emergency medical services; HEMS, helicopter emergency medical services; IQR, interquartile range; PCI, percutaneous coronary intervention; ECG, electrocardiogram. *Defined by the treating physician. †Defined as the time from arrival at the PCI centre to time of inflation of the first balloon in the coronary artery lesion in the cardiac catheterization laboratory. 
Discussion
We found that transportation by helicopter did not seem to be associated with reduced mortality or with improved labour market affiliation for patients admitted for primary PCI with an expected ground transportation time of more than 25 min. Among the main strengths of our study are the prospective study design, the well-defined geographical catchment area, and the high completeness of the registries, providing high internal validity and reducing the risk of selection bias. No patients were lost to follow-up in the primary outcome analysis, and our follow-up period of up to 5.5 years allowed us to assess long-term physical outcome and labour market status. Finally, because we included all patients and not only those who actually underwent acute PCI, our results are estimates of the effectiveness observed in the clinical situation where a decision should be made regarding optimal mode of transfer.
This study has some important limitations. First, the study took place in the eastern part of Denmark including the Region Zealand and some parts of the Capital Region of Denmark, with a population of approximately 1.1 million. Hence, data were collected in rural and more urban areas but clearly, the region is rather small and also densely populated compared with many other countries. In addition, the country is flat with very good opportunities for ground transport almost all the time. A major benefit of a helicopter is therefore difficult to detect as few patients came from more remote areas or from smaller islands.
The observational study design is prone to confounding by indication because we cannot know in detail how the dispatch centre decided to allocate either the HEMS or GEMS to the scene within the defined area. If the HEMS was allocated to those patients with the most severe disease, any gain from quicker transport might be offset by the worse clinical conditions. Indeed, more HEMS patients had myocardial infarction, thus indicating more severe disease in this group. On the other hand, fewer HEMS patients had acute cardiac failure, but because this variable was assessed at the time of arrival in the hospital, it might have been the result of the shorter transport time or treatment by the HEMS physician en route rather than a condition present at the time of transport mode allocation. Likewise, confounding by indication can be a concern in the dispatch of HEMS to the patients with the longest transport distances. However, we found no significant difference between groups in any analyses when also adjusting for transport distance. Moreover, adjusting for transport time (i.e. diagnostic ECG to arrival at the hospital), daytime vs. nighttime, or use of vasopressors did not change the odds ratios significantly. A recent report found that inter-hospital transfer was associated with prolonged reperfusion times regardless of transport mode 14 . In our study, a significantly higher proportion of GEMS patients were transferred from other hospitals instead of directly referred to the PCI centre. This difference may have led to the slightly longer transport time observed in the GEMS group. Furthermore, the variable "time from diagnostic ECG to arrival at the PCI centre" was missing in significantly more inter-hospital transfer patients compared to directly referred patients, and because this variable was missing in one-third of patients, this may have affected results in either direction. However, it did not translate into significantly higher mortality in this group, and there was also no difference in the analysis of field-triaged patients only.
Transfer time improved for both HEMS and GEMS patients during the 2-year span between the first HEMS study 10 and the current study (HEMS: from 84 to 71 min; GEMS: from 104 to 78 min), leading to a reduction in median time difference between HEMS and GEMS from 20 to 7 min. This decrease may be the result of continuous organizational improvements (e.g., improved communication and better triage) over time, with the largest effect on the GEMS group. The dispatch procedure of the HEMS was optimized during the study period as ground ambulances were allowed to contact the HEMS directly without having to wait for the triaging cardiologist to accept to receive the patients. Moreover, because HEMS operated in increasingly more distant parts of the catchment area, this may have led to the observed improved transport time in the GEMS group.
Our sensitivity analysis on directly referred patients who had acute PCI revealed that a larger proportion of HEMS-patients had the procedure performed within 150 min with increasing transport distances as compared to the GEMS patients. Thus, HEMS may be considered to facilitate equal and timely access to specialized treatment for people living in rural areas. However, it may be argued that a 7 min difference in transport time (diagnostic ECG to arrival at the hospital) comparing the entire study population (primary study population) may be too small a difference to translate into a clinically relevant improvement in favour of HEMS in terms of mortality and labour market affiliation.
Organizational changes markedly reducing the number of physician-staffed mobile emergency care units in March 2011 may have increased mortality in the GEMS group. In contrast, survivorship bias inherent in our study design may have been introduced because patients who died before arrival at the PCI centre were not included in the PCI databases, thereby falsely lowering mortality in the GEMS group, which had the longest transport times. However, a large Danish study comparing coronary angioplasty with fibrinolytic therapy found that no patients died during transportation to the hospital 15 , hence we do not consider these two potential sources of bias to be strong enough to have an impact on the overall conclusions.
Around 60% of both HEMS and GEMS patients who were working full time before the cardiac event sustained full work ability 2 years after the event, suggesting that the majority of patients who survive the acute phase also seem to recover reasonably well independently of transport mode. This result is in line with another Scandinavian study on return to work after STEMI 4 . Still, the proportion of patients returning to work in our study was somewhat lower than in most studies. In a study by Laut et al., for example, up to 90% of patients had returned to work after 1 year 16 , and another study found that almost 80% of STEMI patients had resumed work after approximately 6 months 17 . These findings are consistent with those of a Swedish review in which it was estimated that as many as three of four patients return to work 18 . Comparisons between geographical areas and countries like these should be interpreted with caution because differences in patient characteristics (age, line of work, etc.), follow-up time, and legislative labour market policies affect outcome. We included patients up to 67 years of age in our labour market analyses; thus, our labour market population was substantially older and at a higher risk of leaving the labour market. Additionally, the fact that we assessed work ability after 2 years could be considered an advantage because patients had more time to recover but also could be seen as the opposite in that they had more time to retire. In a Danish cohort of 22,000 patients with acute coronary syndrome, only 45% of patients maintained an affiliation with the labour market 2 . In conclusion, in our observational study of patients with suspected STEMI in eastern Denmark, no significant beneficial effect of helicopter transport could be detected on mortality, premature labour market exit, or work ability. Only a large study with random allocation to one system vs. another, will provide conclusive evidence regarding superiority of helicopter transport versus ground transport.
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